| SALIVARY G L AND S TRUC TURE
Salivary glands are categorised into the 3 pairs of major glands, including the parotid, submandibular and sublingual glands and about 600 to 1000 minor salivary glands particularly located in the labial, buccal, palatal, lingual and retromolar regions of the oral mucosa. 40 The salivary glands consist of parenchymal and stromal components.
The parenchyma is composed of secretory end pieces (acini), which make a primary fluid/saliva, connected to a system of ducts (intercalated, striated and excretory) which modify the saliva ( Figure 1 ).
Each acinus consists of either serous or mucous cells, or mucous cells capped by serous demilunes (only found in the submandibular gland), arranged about a central lumen. The salivary glands are classified histologically according to their structural composition and their secretions 1, 5, 6, 9, 10, [12] [13] [14] [22] [23] [24] [25] [26] [27] [28] (Table 1) . The length and the diameter of the duct system vary depending on the gland type. The major salivary glands have long, branched ducts, the parotid and submandibular glands contain all ductal segments (intercalated, striated and excretory), whereas the sublingual and minor glands lack striated ducts. 40 Myoepithelial cells are contractile cells with a stellate shape that surround the acini and intercalated ducts variably in the different glands. They are located between the basal lamina and the cytoplasmic membrane of acinar or ductal cells ( Figure 1 ). The myoepithelial cells are controlled by the autonomic nervous system and upon contraction they are believed to assist the flow of saliva by compressing the acini and the ducts and also to provide structural resilience to the parenchyma during secretion. 41 Although they are contractile there is no evidence to suggest they force saliva out of acini by increasing intra-acinar pressure and indeed their presence is not required for secretion to occur.
The connective tissue capsule that surrounds the major salivary glands forms septa, which divide the gland into lobes and lobules.
These septa contain large blood vessels, nerves and ducts, whereas the acini, intercalated and striated ducts, small blood vessels and nerves are located within the lobules. In the minor salivary glands, the connective tissue merges imperceptibly with the surrounding connective tissue. 41 The parenchyma has a rich supply of blood vessels, which form a capillary plexus, particularly adjacent to the ducts. Sympathetic stimulation makes the blood vessels constrict, whereas parasympathetic stimulation lead to vasodilation and increased blood flow to the salivary glands. 42 Virtually all protein in "pure glandular saliva" is derived from the salivary glandular cells and not the blood stream. Most of the about 2.500 different proteins in whole/mixed saliva probably originate from exfoliating epithelial cells and oral microorganisms, and only one-tenth is thought to be of gland origin. 26 The final saliva that enters the oral cavity is composed of more than 99% water and less than 1% solids, including proteins and salts.
The normal daily production of saliva is approximately 0.6 L. 37, 43 The major salivary glands produce about 90% of the fluid secretion and F I G U R E 1 Secretory end piece (acinus) terminating into a duct system. An acinus consists of either serous or mucous acinar cells or mucous cells capped with a serous demilune. The intercalated duct, consisting of a monolayered cuboidal epithelium, leads into the striated duct, which consists of a monolayered columnar epithelium with several folds of the plasma membrane basally, and mitochondria between the folds. The final segment of the duct system is the excretory duct (multilayered columnar epithelium), which leads the final saliva into the main excretory duct into the oral cavity. Acini and intercalated ducts are surrounded by myoepithelial cells the minor glands less than 10%. However, the minor salivary glands secrete a relative large fraction of the salivary mucins, providing lubrication to the oral surfaces. 44 Table 1 details the contribution of the various glands to the whole saliva volume under unstimulated and stimulated conditions.
| NEUR AL REG UL ATI ON OF SALIVARY S ECRE TI ON AND THE S ECRE TORY ELEMENTS
Salivary secretion is controlled by the autonomic nervous system and regulated by reflexes. The reflex pathways consist of an afferent component, the salivation centre and an efferent component, which leads to activation of salivary gland cells ( Figure 2 ).
The gustatory-salivary reflex involves sensory signals from taste-activated chemoreceptors in the taste buds in the lingual papillae, in pharynx and larynx, transmitted along sensory fibres of the facial, glossopharyngeal and vagal nerves to the nucleus of the solitary tract. 45 The masticatory-salivary reflex conducts somatosensory impulses, which are primarily induced by activation of mechanoreceptors in the periodontal ligament during mastication, but also by activation of proprioceptors and/or nociceptors in the oral cavity, along with sensory trigeminal and glossopharyngeal nerves to the mesencephalic and spinal trigeminal nuclei. 7, 46 The sensory nuclei convey these inputs to the salivation centre and to higher brain structures. Thus, salivary reflex pathways situated in the lower brainstem can in theory activate salivary secretion without involvement of higher brain centres. 47 Concomitantly, afferent signals transmitted from the sensory nuclei along second and third order ascending neurons activate higher brain centres, which then via efferent inputs can modulate the reflexes. Accordingly, not only masticatory and gustatory afferent impulses, but also olfactory, nociceptive, thermoreceptive and psychic stimuli influence salivation. 8, [48] [49] [50] Afferent sensory impulses are transmitted to the salivation centre (comprising the parasympathetic superior and inferior salivatory nuclei in the brainstem and the sympathetic salivation centre in the upper thoracic segments of the spinal cord) and to higher brain structures, which may send both excitatory and inhibitory efferent projections to the salivatory nuclei. The inputs are integrated in the salivation centres, which induce generation of nerve impulses in the parasympathetic and sympathetic neurons innervating the salivary glands. In the human brain, the exact neuroanatomical pathways for connections between the salivation centre and forebrain structures have not yet been fully explored, and most of the knowledge about projections from higher brain centres to the brain stem derives from animal studies. [51] [52] [53] The efferent part of the reflex consists of parasympathetic and sympathetic secretomotor neurons, which innervate the salivary glands. Overall, the parasympathetic innervation of the salivary gland cells is more abundant than the sympathetic innervation.
Upon stimulation, both parasympathetic and sympathetic nerves cause secretion of fluid and protein, as well as contraction of myoepithelial cells, and the 2 divisions of the autonomic nervous system interact synergistically. Since parasympathetic activity results in large volumes of saliva and sympathetic activity results in small TA B L E 1 Salivary gland structural features, parasympathetic innervation and contribution to whole saliva volume under unstimulated (in the absence of exogenous stimuli) and under chewing-stimulated conditions The sympathetic nerve supply is obtained from the superior cervical ganglion. Mixed means that the glands contain both serous and mucous acini, also mucous acini capped with serous demilunes may be seen in these glands.
volumes, the parasympathetic saliva is characterised as protein-poor (in terms of concentration) and the sympathetic saliva as proteinrich. 13 Under reflex secretion, the sympathetic nerve is thought to act in a background of a parasympathetically induced flow of sa- The salivatory nuclei also receive impulses from higher brain structures, which thereby influence salivary secretion. Afferent inputs are integrated in the salivatory centre, which then activate the efferent part of the reflex, comprising parasympathetic and sympathetic nerves. The parotid glands receive parasympathetic signals from the glossopharyngeal nerve that synapse in the otic ganglion. The submandibular and sublingual glands receive parasympathetic signals from the facial nerve that synapse in the submandibular ganglion. The sympathetic nerves run from to the sympathetic trunk and synapse in the superior cervical ganglion. Postganglionic sympathetic nerves then follow the blood vessels to the salivary glands which they innervate. Acetylcholine and noradrenaline are released from the postganglionic the parasympathetic and the sympathetic nerve endings, respectively, and elicit salivary secretion. Other co-transmitters are released to which have a modulatory effect on the formation of saliva Nitric oxide of parasympathetic origin is also involved in the vasodilator response, and in the acinar cells, nitric oxide may be mobilised upon stimulation, contributing to cAMP-mediated protein secretion. 13, 26, 60 Substance P, another neuropeptide, causes a profuse salivation but only in some species and not in humans. 18, 59 In contrast to the acinar cells of the human parotid and submandibular glands ] i increase, however, parasympathetic muscarinic receptor activation by acetylcholine is the primary stimulus for production of the bulk of salivary fluid. Transepithelial movement of anions is regarded the main driving force for acinar electrolyte and fluid secretion. Both chloride and bicarbonate can drive salivary secretion, and details primarily the chloride-dependent model. Increase in [Ca 2+ ] i upon receptor stimulation immediately opens luminal, calcium-activated chloride channels, consistent with TMEM/ANO-1. In parallel, basolateral calcium-activated potassium channels are opened, the molecular identities of which are the intermediate conductance KCa3.1 (IK1) and the large-conductance KCa1.1 (maxi-K) channels. Basolateral potassium efflux leads to hyperpolarisation, which provides electrical driving force for the luminal chloride efflux. The accumulation of chloride ions intraluminally creates a transepithelial lumen negative potential difference, which drives sodium paracellularly into the lumen. The resulting high intraluminal sodium chloride concentration causes osmotic water movement to the lumen, both transcellularly via aquaporin water channels as well as paracellularly. The final result is formation of isotonic primary saliva with plasma-like sodium chloride concentrations. To obtain sustained secretion from acinar cells, [Ca 2+ ] i is maintained high due to extracellular calcium influx induced by the mechanism of store-operated calcium entry, in which initial calcium release from intracellular stores leads to gating of plasma membrane calcium channels. Resting conditions in acinar cells are rapidly reestablished after stimulation is terminated. Intracellular calcium concentrations are reduced to the pre-stimulatory level by plasma membrane calcium ATPases, the Sarco/Endoplasmic Reticulum Calcium ATPase-pump and by calcium binding proteins. B, Chloride secretion from acinar cells depends on basolateral ion transporters, which in cooperation accumulate intracellular chloride above equilibrium. The Na which lack a substance P innervation, 59 substance P-immunoreactive fibres are present in the human labial salivary glands, where stimulation with substance P also induced a raise in intracellular calcium suggesting that it is involved in fluid secretion in these glands. 58 The receptors upon which the transmitters act are located on the basolateral part of the cell membrane. The cholinergic receptors are of muscarinic M1-and M3-subtypes, whereas the adrenergic recep- 
| Trophic effects of nerves on salivary gland size
The parasympathetic innervation is of particular importance for the gland size and secretory capacity. A parasympathetic denervation is followed by a marked fall in weight, which is gradually restored as re-innervation progresses. 57 However, denervation procedures are not necessary to produce changes in gland size. Animal studies show gland size, secretory capacity and neuronal synthesis of acetylcholine to decrease in response to decreased demands on reflex secretion induced by liquid diet and to increase in response to increased demands on reflex secretion induced by a chewing-demanding diet. 70 Acetylcholine is not the likely transmitter responsible for changes in gland weight, but rather a phenomenon involving neuropeptides. 
| Sensory gland innervation
Patients experience pain in the salivary gland region upon gland swelling in response to gland inflammation or sialolithiasis. The pain is often referred to stretching of the gland fascia and, as a consequence, activation of afferent nerves of the fascia. 71, 72 However, sensory nerves, containing the neuropeptides substance P and calcitonin gene-related peptide occur along the small ducts and close to the vessels. 73 Local release of these sensory peptides occurring as a protective response may result in contraction of the myoepithelial cells and release of ductal located antimicrobial agents as well as vasodilation, protein extravasation and formation of oedema. 74 Experimentally, increase in ductal pressure and, in particular, exposing the ductal cells to noxious substances, activate impulse activity in the glandular sensory nerves travelling in the parasympathetic and sympathetic nerves of the glands. 75 
| FORMATI ON OF PRIMARY SALIVA AND DUC TAL SALT RE ABSORP TI ON
Formation of saliva takes place in a 2-stage process. 76 Upon stimulation, the acini produce an isotonic, primary secretion with plasmalike electrolyte composition. This primary saliva is then modified by the striated ducts, where sodium and chloride ions are reabsorbed and bicarbonate and potassium ions are added without further changes in the water content due to the low water permeability of the ductal epithelium. Thus, the final saliva that enters the oral cavity is hypotonic and has low sodium concentration in comparison to plasma. Figure 3 details the cellular mechanisms underlying formation of primary saliva. exchanger. In addition to the ductal bicarbonate contribution, a certain amount of salivary bicarbonate may also originate from acinar cells, as for instance expression of the NBCe1 transporter was observed in human parotid acini. 101 It has been
shown that the luminal membranes of ducts in mouse submandibular glands express potassium channels, which may play a role in ductal potassium secretion. 102 Although the bulk protein secretion occurs from the acini, the ductal cells also release various proteins, including growth factors (eg nerve growth factor and epithelial growth factor), immunoglobulin (IgA) and kallikrein. 88 The final salivary electrolyte composition is dependent on the flow rate, which in turn depends on the stimuli that activate neurotransmitter release from the glandular autonomic neurons. In the human parotid gland, sodium and chloride are largely reabsorbed at low or unstimulated secretion rates. 103, 104 Upon stimulation of the submandibular glands, the salivary concentrations of sodium, bicarbonate, chloride, calcium, and protein, the ionic strength, and pH increase with increasing flow rates, whereas potassium concentrations only slightly decline with increasing flow. 16 Testing the effect of the duration of stimulation at different constant flow rates, for instance, on bicarbonate and chloride concentrations, revealed that after an initial increase of both anion concentrations, bicarbonate concentration continued to increase, whereas chloride concentration decreased during prolonged stimulation, resulting in an inverse relationship between these ions with time. 16, 103, 104 Moreover, parotid salivary pH followed the pattern of bicarbonate and increased with stimulation duration and higher flow rates. 103 Overall, this underlines the importance of the salivary flow rates and duration of stimulation for the final electrolyte concentrations, ionic strength, tonicity and pH of saliva, which are important for the functions of saliva.
| FAC TOR S INFLUEN CING SALIVARY S ECRE TI ON
Salivary gland function is under the influence of various factors and stimuli, which can alter the volume, flow, and composition of saliva.
For instance, unstimulated saliva flow rates display circadian variation, with a peak level in the afternoon and a time span of 12 hours between highest and lowest secretory rates. [105] [106] [107] [108] [109] Salivary protein displayed a similar pattern, whereas salivary sodium and chloride concentrations followed the reverse rhythm, with highest levels in the early morning. 105, 106, 108 Labial salivary glands also show some daytime-dependent variation, with highest secretory rates in the evening, and a diurnal pattern different from the rhythm of unstimulated whole saliva. 110 A recent publication has demonstrated expression of certain key clock genes involved in regulation of circadian rhythms and of aquaporin 5 in mouse submandibular gland cells, which both followed a regular rhythmic pattern. 111 Thus, evidence suggests that normal salivary secretion is under influence of a circadian clock mechanism, which may also play a role in different salivary gland pathologies. 112 In addition, it is important to take variations in salivary secretion due to circadian rhythms into consideration, when saliva flow rates are measured and saliva composition is analysed in a clinical context or for research purposes.
The level of hydration of the body also influences salivary secretion. 109 It has been shown that parotid saliva flow rates decreased significantly in both younger and older healthy adults after a 24 h period of fluid and food abstinence, 113 and conditions of acute dehydration are also associated with reduction in salivary flow rates. 114, 115 Gland size is another factor related to saliva flow rates. [116] [117] [118] With respect to ageing, a number of studies have investigated whether it is associated with decrease in salivary flow rates, since both major and minor salivary glands undergo agerelated structural, degenerative changes, such as loss of secretory acini and stromal alterations. [119] [120] [121] [122] [123] [124] [125] In this regard, results are contradicting, showing stable 113, [126] [127] [128] [129] [130] [131] [132] [133] or declining salivary gland function with age. [134] [135] [136] This variability may be ascribed to differences in sampling conditions and methods used, and in the health status of study participants, since in older people, reduced salivary flow is often associated with diseases and medication intake.
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A recent meta-analysis revealed that unstimulated and stimulated whole as well as submandibular/sublingual, but not parotid and minor salivary gland flow rates were lower in older than in younger persons. 137 However, the difference was not significant for stimulated whole saliva flow rates after exclusion of the medicated subgroup in the analysis. 137 Results indicating that unstimulated whole saliva flow may be more prone to decline in older people suggest that the degree of functional glandular impairment with age may vary despite consistently observed age-related loss of secretory tissue in all salivary glands. For instance, the function of the parotid gland, which contributes most to chewing-stimulated secretion, remains stable during ageing in healthy, non-medicated persons. 126 
| FUN C TI ON S OF SALIVA
Saliva serves multiple functions, which are important for the maintenance of oral and general health. Saliva lubricates and cleanses the teeth and oral mucosa, maintains neutral pH through its buffering capacity, prevents tooth demineralisation, exerts antimicrobial actions, aids in taste and bolus formation, initiates enzymatic digestion of starch and is imperative for mastication and swallowing and articulation of speech (Table 2) . 10, 13, 14, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] It also plays an important role in the formation of the acquired enamel pellicle and the mucosal pellicle, which apart from having a protective function also determine the initial adhesion and colonisation of microorganisms and the composition of the resident oral microbiota. [30] [31] [32] Saliva contains several proteins and peptides with specific biological functions, a proportion of which are of microbial origin. 26, 138 There is a large panel of host salivary proteins and peptides, which range in abundance and a core group of proteins. 139 Table 2 shows the functions of the most abundant salivary proteins. Salivary proteins are involved in a TA B L E 2 Functions of saliva related to its components and their mode of action (for reviews 1, 10 Physiological factors, for example reflex stimulation, circadian rhythms and age influence the composition of proteins, and inorganic constituents in whole mouth saliva. As mentioned above, the composition of both glandular and whole mouth saliva is highly dependent on the flow rate, and the concentrations of sodium, chloride and bicarbonate are higher, and the concentrations of potassium and total phosphate are lower in stimulated compared to unstimulated saliva. 16, 17, 19, 76, 77 The salivary buffer capacity includes the bicarbonate, phosphate and protein systems and is much higher in stimulated saliva due to the higher concentrations of bicarbonate. [142] [143] [144] [145] In the unstimulated state, the bicarbonate and phosphate buffer systems contribute almost to the same extent to the overall buffer capacity, whereas the bicarbonate buffer system is responsible for more than 90% of the total buffer capacity in stimulated whole saliva. At very low saliva flow rates and at pH below 5.0 it is mainly proteins that contribute to the buffer capacity. [144] [145] [146] Salivary pH and salivary concentrations of calcium and phosphate are important factors for the maintenance of saturation with regard to hydroxyapatite in the saliva. The salivary buffer capacity, and its ability to keep pH within a neutral range, is also important for the promotion and maintenance of a balanced oral microbiota. 31, 32, 147 The bicarbonate is an ideal buffer in the oral cavity as it also contributes with a phase buffering effect, due to the carbon dioxide phase conversion from the dissolved state to the volatile gaseous phase, resulting in loss of the acidic end product from the oral cavity. Carbon anhydrase VI, which is secreted into human saliva by the serous acinar cells of the parotid and submandibular glands, catalyses this conversion of carbonic acid to water and the volatile gas carbon dioxide. 
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Of note, the side-effects of treatment of schizophrenia with clozapine, the flagship of the second generation of antipsychotics, are often both dry mouth and sialorrhea. 37 Clozapine is a dopamine receptor antagonist but it acts also as a partial agonist on muscarinic M1 receptors and as antagonist on muscarinic M3 receptors and α 1 adrenergic receptors explaining mixed actions of the drug. 156 The following section is focused on the most common problem, namely salivary gland hypofunction and the associated changes in saliva composition and oral consequences.
Salivary gland hypofunction is often associated with a persistent sensation of dry mouth (xerostomia). Xerostomia usually occurs when the unstimulated whole saliva flow rate falls by 40-50% of its normal value in any given person, indicating that more than one major salivary gland must be affected. 109 However, xerostomia may also occur without objective evidence of salivary gland hypofunction. 157 Thus, xerostomia may be a result from changes in salivary composition or function, particularly of lubricating mucins. 21 Xerostomia is a common complaint estimated to affect at least 10%
of an adult population. 158, 159 The prevalence of xerostomia, however, varies from 5.5% to 46% depending on the method of assessment used and the population cohorts studied. 160, 161 Generally, women and older people suffer more from xerostomia and have lower salivary flow rates than men and younger people due to a higher number of diseases and a higher intake of medication among women and older people. 
hyposalivation, a term that is based on objective measures of the salivary flow rate (sialometry).
| CON S EQUEN CE S OF SALIVARY G L AND HYP OFUN C TION
Patients with salivary gland hypofunction, irrespective of the aetiology, often complain of oral dryness that is present throughout the day, but it can also lead to disturbed sleep at night. Persistent and severe salivary gland hypofunction commonly results in mucosal changes, an increased activity of caries with lesions on cervical, incisal and cuspal tooth surfaces and oral fungal infec- Table 3 shows the various consequences of persistent salivary gland hypofunction. Of note, the feeling of oral mucosal dryness may be associated with dryness in other regions of the body indicating common underlying factors for dryness. are reversible and salivary gland function will usually recover after withdrawal of the pharmacotherapy. 159, 168, 181, 182 Numerous diseases and medical conditions can cause salivary gland dysfunction, including hypofunction and altered salivary composition (Table 4) . 33, 35, 36 35, 36, 184 The latter is assumed to be the result of a viral infection that causes inflammation and damage to neurons in the ciliary ganglion, and the dorsal root ganglion, an area of the spinal cord involved in the response of the autonomic nervous system. 184 Finally, diseases can also indirectly affect salivary secretion, which is the case in hormonal disturbances, inflammatory gastrointestinal diseases, and malnutrition. 33, 35, 36 Xerostomia and salivary gland hypofunction is extremely common in patients having received radiotherapy to the head and neck region. 34 The development of salivary gland dysfunction depends on the cumulative dose of radiation and the volume of salivary gland tissue included in the field of radiation. 34 Although the turnover rate of the salivary gland tissue is rather slow (approx. 60 days), salivary dysfunction already occurs within the first week of treatment, and the salivary secretion continues to decrease at 1-3 months after radiotherapy. Doses higher than 60 Gray (Gy) usually lead to to the acinar cells, and initially mainly the serous acini, but also the surrounding blood vessels and nerves. It has been shown that parotid-and submandibular-sparring intensity-modulated radiotherapy (IMRT) can reduce the prevalence and severity of salivary gland hypofunction, which also increase patient's quality of life. 185 However, it may be difficult to spare the minor salivary glands, which contribute significantly to secretion of mucins and thereby lubrication.
The prevalence of xerostomia in patients receiving chemotherapy is about 50% and salivary gland function usually restores 6 months to 1 year after treatment. It is unknown whether concomitant radiotherapy and chemotherapy affect the risk of developing salivary gland dysfunction. 34 
| D IAG NOS IS OF SALIVARY G L AND DYS FUN C TION
The diagnosis of salivary gland dysfunction requires a careful and systematic evaluation of the patient. It includes a detailed history of present symptoms, oropharyngeal functions, systemic and oral diseases, type and number of medications, previous therapies including surgery, radiotherapy in the head and neck region and/or chemotherapy (Tables 3 and 4 ). Several questionnaires have been developed for the identification of patients with xerostomia and salivary gland hypofunction, and for assessment of their severity 157, 158, 166, [186] [187] [188] [189] . The second step is a thorough facial and intraoral examination, including inspection and palpation of the salivary glands, expulsion of saliva from the major salivary duct orifices, and inspection of the oral mucosa, the dentition and gingivae. It is important to stress that there are no specific clinical signs that make it possible to discriminate between the various causes of salivary gland dysfunction, and patients with xerostomia and/or may present with some or none of the symptoms and clinical signs mentioned in Table 3 . Apart from being indicative of Sjögren's syndrome, salivary gland enlargement may also be related to medication-induced sialadenosis, sodium retention syndrome, malignancies or parotitis. 190 The third step is measurement of salivary flow rates. There are various methods for assessment of the unstimulated and stimulated flow rates for whole saliva and for the parotid, submandibular/sublingual and minor salivary glands. Whole saliva flow rates may be measured by means of the draining, spitting, swab (absorbent), and suction methods. 191, 192 The most commonly used method is the "draining method," which is internationally accepted as a standard for measuring unstimulated whole saliva in relation to the diagnosis of Sjögren's syndrome. Furthermore, it is simple and can easily be conducted in the dental office. 191, 192 As salivary flow and composition are influenced by the time of day and duration of collection, standardisation of the saliva collecting procedure is extremely important. Sialometry should be performed 2 hours after a meal (ideally after breakfast) or after overnight fast and unstimulated saliva should be collected for at least 10 minutes and chewing-stimulated for at least 5 minutes. 193 For measurement of stimulated whole saliva flow, the patient is instructed to chew a standard piece (1-2 g) of paraffin wax or unflavoured gum base at a fixed chewing rate (eg 60-70 chews/minute). 192 Citric acid at a concentration of 2%, applied to the tongue every 30 seconds, can also be used for measuring stimulated flow. However, citric acid may interfere with subsequent sialochemical analysis. Under normal conditions, the average unstimulated whole saliva flow rate is in the range of 0.3-0.4 mL/min, and flow rates below <0.1 mL/ min are considered pathologically low and designated hyposalivation. 194, 195 The mean chewing-stimulated whole saliva flow rates range from 1.5 to 2.0 mL/min, and flow rates below 0.50-0.70 mL/ min are considered abnormal (hyposalivation). 194, 195 In cases of medication-induced salivary gland hypofunction, the unstimulated whole saliva flow rate is usually significantly reduced, whereas the chewing-stimulated flow rate is within the normal range. 128, 196 However, intake and/or prolonged use of drugs with anticholinergic effect and centrally acting analgesics often cause diminution TA B L E 4 Causes of salivary gland dysfunction [33] [34] [35] [36] [37] of both unstimulated and chewing-stimulated whole saliva flow rates. 128, 162 Assessment of the parotid, the submandibular/sublingual saliva flow rates and minor salivary gland secretions requires special equipment and techniques and still primarily used for research purposes. 120, 192, 193, 196 An additional number of tests may be necessary for adequate diagnosis of salivary gland dysfunction and its underlying cause including sialography, scintigraphy, ultrasound, magnetic resonance imaging (MRI), Cone Beam CT and/or endoscopy of the salivary glands as well as blood tests.
Although analysis of the organic and inorganic constituents in saliva may be promising and valuable tools in the diagnosis of many diseases, it is still not applicable for regular, daily use in a dental practice. However, through recent advances in technology including development of molecular biological methods that can be applied to saliva samples containing human cells, bacteria, DNA, RNA and proteins, novel ways to detect oral and systemic diseases at an early stage are rapidly emerging. Thus the field of saliva proteomics has expanded significantly the last decade, and presently a number of these potential salivary biomarkers are being tested for identification and monitoring diseases including periodontitis, dental caries, oral cancer, but also systemic diseases like Sjögren's syndrome [197] [198] [199] [200] [201] [202] [203] [204] [205] Also the emerging fields of transcriptomics and metabolomics open for new possibilities for using saliva in the diagnosis and assessment of various diseases.
| CON CLUS ION
It is important for oral health professionals to have a thorough knowledge and understanding of the normal structure and function of salivary glands including the normal neural control of salivary secretion, normal salivary flow and composition and functions of saliva. Such knowledge facilitates recognition of symptoms or signs related to salivary gland dysfunction at an early stage, and thus provide appropriate diagnosis (or referral). A comprehensive diagnostic evaluation is important in order to determine the cause of xerostomia and salivary gland dysfunction, and consequently initiate proper prevention and treatment.
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